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USER EQUIPMENT AND METHOD
EXECUTED BY USER EQUIPMENT

TECHNICAL FIELD

The present disclosure relates to the technical field of
wireless communications. More specifically, the present
disclosure relates to user equipment and a method executed
by user equipment.

BACKGROUND

In June 2018, a new work item on Release 16 of the
turther enhancement for the NarrowBand Internet of Things
(NB-IoT) Project (see RP-181451: New WID on R16
enhancement for NB-IoT) and a new work item on Release
16 of the further enhancement for Machine Type Commu-
nication (MTC) (see RP-181878, Revised WID {for addi-
tional MTC) enhancement) were approved at the 3rd Gen-
cration Partnership Project (3GPP) RAN#80 plenary
meeting. One of the goals of this research project 1s to
improve the etliciency of uplink transmission to reduce the
power consumption of User Equipment (UE).

In the prior art, 1if UE 1n an idle state intends to transmit
uplink data, there are two modes: one mode 1s to enter an
RRC connected state through Radio Resource Control
(RRC) connection establishment/recovery procedure, 1.e.,
transmits the uphnk data 1n the RRC connected state in
which connection 1s established with a network side; the
other mode 1s to employ an Early Data Transmission (_JDT)
mechanism introduced in Release 15, 1.e., transmits small
data packets to a base station together 1n a third message 1n
a random access procedure. For small data packets, using the
EDT mode can obviously reduce signaling overheads and
consume less UE power than entering the RRC connected
state first and then transmitting uplink data. In the afore-
mentioned Release 16, it 1s desired to further improve the
elliciency of uplink transmission and reduce UE power
consumption. In the ongoing technical discussion of improv-
ing uplink transmission efliciency to reduce UE power
consumption, a feasible method 1s to pre-allocate available
uplink resources for a user n an RRC idle state. When
uplink data arrives at the UE, 11 an uplink of the UE 1s still
in a synchronized state (that 1s, there 1s a valid uplink Time
Advance (TA)), uplink transmission can be completed using
the pre-allocated uplink resources without requiring to per-
form uplink transmission through a random access proce-
dure or by entering a connected state through an RRC
connection establishment/recovery procedure.

In the present disclosure, the manner in which the UE in
an RRC 1dle state transmits uplink data by using pre-
configured resources 1s called pre-configured uplink
resource transmission. The solution proposed 1n the present
disclosure 1s mainly to address the 1ssue of how to transmit
pre-configured uplink resources, and more specifically, to
address the 1ssue of configuration and management of pre-
configured uplink resources.

In addition, 1n the 3GPP Rel-14 standard specification, for
UE 1n an 1dle mode, a paging mechanism can be employed
to reduce the power consumption of the UE. However, when
the UE 1s 1n a poor channel state and requires coverage
enhancement, a PDCCH and/or PDSCH needs to be repeat-
edly transmitted so as to correctly recerve information from
a base station or correctly transmit information to a base
station. When the UE needs to detect a paging message, the
UE needs to be woken up from a sleep state to detect on each
PO whether a paging message of the UE exists. However,
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2

the UE does not have any paging message most of the time.
In this way, when the UE 1s 1n a coverage enhanced state, the

UE needs to recerve a PDCCH or PDSCH repeatedly many
times so as to detect whether a paging message of the UE
exists, and the UE does not have its own paging message
most of the time. As a result, the UE power 1s greatly
consumed. For an MTC or NB-IoT user, it 1s extremely
important to reduce power consumption of the UE. There-
fore, 1n the 3GPP Rel-15 standard specification, physical
wake-up signaling 1s itroduced for the UE 1n an idle state.
That 1s, before detection of a paging message on each PO,
physical wake-up signaling 1s designed. If the UE detects the
physical wake-up signaling, the UE detects a paging mes-
sage on a subsequent PO; 1f the UE does not detect the
physical wake-up signaling, the UE does not detect the
paging message on the subsequent PO and directly returns to
a sleep state. In the aforementioned new work item of
Rel-16, one of goals of the work item 1s to introduce
UE-group-based wake-up signaling (UE-group WUS) or
physical go-to-sleep signaling to further reduce power con-
sumption of UE. In the UE-group-based WUS, the UE can
only monitor WUS corresponding to a group associated with
the UE. A solution to the 1ssue of how to configure and use
the UE-group-based WUS 1s proposed 1n the present dis-
closure.

SUMMARY

In order to address at least a part of the above-mentioned
1ssues, the present invention provides a method executed by
user equipment and user equipment, which are capable of
resolving the 1ssue of configuration and management of
pre-configured uplink resources.

According to a first aspect of the embodiments of the
present disclosure, provided 1s a method executed by user
equipment, including: receiving an RRC message containing
a pre-configured uplink resource configuration, the RRC
message mcluding a message related to an RRC connection
configured by a base station, and the user equipment deter-
mining, according to carrier information in the pre-config-
ured uplink resource configuration, whether the pre-config-
ured uplink resource configuration 1s related to an anchor
carrier or a non-anchor carrier.

According to the method of the first aspect of the embodi-
ments ol the present disclosure, the determining according
to carrier information 1n the pre-configured uplink resource
configuration includes: determining according to presence
or absence of the carrier information; or determining accord-
ing to a value of the carrier information; or determining
according to a carrier index contained in the carrier infor-
mation.

The method according to the first aspect of the embodi-
ments of the present disclosure further includes: storing the
received pre-configured uplink resource configuration; and
when the user equipment enters an RRC 1dle state, config-
uring a pre-configured uplink resource for a relevant proto-
col layer according to the stored pre-configured uplink
resource configuration.

The method according to the first aspect of the embodi-
ments of the present disclosure further includes: when the
user equipment enters an RRC connected state, deleting or
retaining the relevant configuration of the pre-configured
uplink resource configuration.

According to the method of the first aspect of the embodi-
ments of the present disclosure, the deleting the relevant
configuration of the pre-configured uplink resource configu-
ration includes at least one of the following operations:
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deleting the stored pre-configured uplink resource configu-
ration; deleting the configured pre-configured uplink
resource; and stopping a timer used to determine validity of
the pre-configured uplink resource; the retaining the relevant
configuration of the pre-configured uplink resource configu-
ration includes at least one of the following operations:
applying the pre-configured uplink resource configuration
contained in the received RRC message; and restarting the
running timer.

According to the method of the first aspect of the embodi-
ments of the present disclosure, the applying the pre-con-
figured uplink resource configuration contained 1n the
received RRC message includes: replacing the stored pre-
configured uplink resource configuration with the pre-con-
figured uplink resource configuration contained 1n the
received RRC message.

According to the method of the first aspect of the embodi-
ments of the present disclosure, the method further includes:
the user equipment transmitting uplink data on the config-
ured pre-configured uplink resource; and when a lower layer
of the user equipment does not receive any response nfor-
mation from the base station, transmitting to an upper layer
of the user equipment indication information for indicating
that the lower layer has not received a response to the uplink
transmission on the pre-configured resource.

According to the method of the first aspect of the embodi-
ments of the present disclosure, the lower layer includes a
MAC layer and/or a physical layer, and the upper layer
includes an RRC layer.

The method according to the first aspect of the embodi-
ments of the present disclosure further includes: the upper
layer performing a fallback operation, that 1s, using EDT to
transmit the uplink data by triggering a random access
procedure, or using a non-EDT conventional RRC connec-
tion establishment/recovery procedure to enter the RRC
connected state to transmit the uplink data,

the fallback operation including at least one of the fol-
lowing operations: starting or restarting a T300 timer; rees-
tablishing a Radio Link Control (RLC) layer corresponding,
to a Data Radio Bearer (DRB) and/or a Signaling Radio
Bearer (SRB); reestablishing a Packet Data Convergence
Protocol (PDCP) layer corresponding to the DRB and/or the

SRB; deleting a security key derived for performing uplink
data transmission on the pre-configured uplink resource;
suspending all SRBs and DRBs except SRBO; and config-
uring the lower layer to suspend integrity protection and
encryption functions.

According to a second aspect of the embodiments of the
present disclosure, provided 1s user equipment, including: a
processor; and a memory, stored with 1nstructions, wherein
the instructions, when run by the processor, execute the
method executed by user equipment according to any one of
the solutions in the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present disclosure will
become more apparent with the following detailed descrip-
tion 1n conjunction with the accompanying drawings.

FIG. 1 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 1 of the present
disclosure.

FIG. 2 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 2 of the present
disclosure.
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4

FIG. 3 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 3 of the present
disclosure.

FIG. 4 1s a flowchart schematically showing a method
executed by user equipment 1n Embodiment 4 of the present
disclosure.

FIG. 5 1s a flowchart schematically showing a method
executed by user equipment 1n Embodiment 5 of the present
disclosure.

FIG. 6 1s a block diagram schematically showing user
equipment 1volved 1n the present disclosure.

DETAILED DESCRIPTION

According to the following detailed description of exem-
plary embodiments of the present disclosure made in con-
junction with the accompanying drawings, other aspects,
advantages, and prominent features of the present disclosure
will become apparent to those skilled 1n the art.

In the present disclosure, the terms “include” and “com-
prise¢” and derivatives thereof are inclusive and not limited;
the term “or” may have an inclusive meaning and means
“and/or.”

In the present specification, the {following wvarious
embodiments for describing the principles of the present
disclosure are merely illustrative, and should not be inter-
preted 1n any way as limiting the scope of the disclosure. The
following description with reference to the accompanying
drawings 1s used to facilitate full understanding of the
exemplary embodiments of the present disclosure defined by
the claims and equivalents thereol. The following descrip-
tion includes a variety of specific details to facilitate under-
standing, but these details should be considered merely
exemplary. Therefore, those of ordinary skill in the art
should recognize that various changes and modifications
may be made to the embodiments described herein without
departing from the scope and spirit of the present disclosure.
In addition, the description of the known function and
structure 1s omitted for clarity and simplicity. In addition, the
same reference numerals are used for similar functions and
operations throughout the accompanying drawings.

A plurality of embodiments according to the present
disclosure are specifically described below by using an
NB-IoT 1 a Long Term Evolution (LTE) mobile commu-
nication system and subsequent evolved versions thereof as
an exemplary application environment. However, it should
be noted that the present disclosure 1s not limited to the
following embodiments, and may be applied to other wire-
less communication systems such as a machine type com-
munication (MTC) system, and may also be applied to a 5G
next-generation wireless communication system (New
Radio, NR).

The base station 1n the present disclosure 1s an entity used
to communicate with user equipment, which may be any
type of base station, and may refer to a Node B or an
Evolved Node B (eNB) or an Access Point (AP), or may be
a 5G communication system base station gNB, or a micro
base station, a pico base station, a macro base station, a
home base station, etc. The cell may also be a cell covered
by any type of base station described above. The user
equipment may also refer to a terminal or an access terminal
or a station or a mobile station. The user equipment may be
a cellular phone or a personal digital assistant (PDA) or a
cordless telephone or a notebook computer or a mobile
phone or a smart phone or a handheld device or a netbook
or the like.
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Different embodiments can also be combined with each

other for operation.

Firstly, some concepts imnvolved 1n the present disclosure
are described below. It 1s worth noting that some names 1n
the following description are merely 1llustrative of examples
rather than limiting, and other names may be used.

Anchor carrier: in a Frequency Division Duplex (FDD)
system, the anchor carrier refers to a carrier that UE con-
siders transmitting NB-Io'T-related data, such as Physical
Broadcast Channel (NPBCH), Primary Synchronization
Signal (NPSS)/Secondary Synchronization Signal (NSSS),
and System Information Block (SIB-NB). In a Time Divi-
sion Duplex (TDD) system, the anchor carrier refers to a
carrier that UE considers transmitting NB-IoT-related data,
such as Physical Broadcast Channel (NPBCH), and Primary

Synchronization Signal (NPSS)/Secondary Synchronization
Signal (NSSS). That 1s, the UE receives synchronization
signals, broadcast channels, and/or system information on
the anchor carrier. In this disclosure, for convenience of
description, unless otherwise specified, an uplink carrier
corresponding to the anchor carrier 1s also referred to as an
anchor carrier or an uplink anchor carrier. In the FDD
system, the uplink carrier corresponding to the anchor
carrier 1s generally 1indicated to the user by using frequency
information (such as a ul-carrierireq information element) in
a system information block 2.

Non-anchor carrier: For FDD, the non-anchor carrier
refers to a carrier that UE considers not transmitting NB-
IoT-related data, such as NPBCH, NPSS, NSSS, and SIB-
NB; for TDD, the non-anchor carrier refers to a carrier that
UE considers not transmitting NB-IoT-related data, such as
NPBCH, NPSS, and NSSS. That i1s, the UE conmders that

the non-anchor carrier 1s only used to receive or transmit
NB-Io'T-related unicast transmission data, such as Physical

Downlink Control Channel (PDCCH), Physical Downlink
Shared Channel (PDSCH), and Physical Uplink Shared
Channel (PUSCH).

CarrierConfigDedicated-NB 1information element: This
information element 1s used to configure a carrier in an
NB-IoT system. The carrier may be an anchor carrier or a
non-anchor carrier. A configuration thereof contains an
uplink carrier configuration and a downlink carrier configu-
ration. The downlink carrier configuration contains one or a
plurality of frequency information, available downlink sub-
frame 1nformation, non-anchor carrier downlink gap infor-
mation, 1i-band carrier information, etc. of the carrier. The
uplink carrier configuration contains uplink carrier 1Ire-
quency information and/or TDD uplink and downlink align-
ment offset information, etc. This information element 1is
generally contained in a physicalconfigdedicated informa-
tion element in a radioresourceconfigdedicated information
clement and transmitted to the UE through UE-specific RRC
information such as an RRC connection reconfiguration
message. The radioresourceconfigdedicated information ele-
ment 1s used to establish/modify/release a radio bearer,
modily a Medium Access Control (MAC) configuration, and
modily a dedicated physical layer configuration, etc. The
physicalconfigdedicated information element 1s used to
specily a UE-specific physical channel configuration.

dl-configlist information element: This information ele-
ment 1s contained 1n system information, and used to con-
figure a non-anchor carrier used for paging and random
access procedures. The information element contains a non-
anchor carrier configuration list.

ul-configlist information element: This mnformation ele-
ment 1s contained 1n system information, and used to con-
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6

figure a non-anchor carrier used for a random access pro-
cedure, and contains a non-anchor carrier list.

Early Data Transmission (EDT):

The small data transmission optimization scheme 1n R15
further optimizes the characteristics of small data transmis-
sion from a control plane and a user plane. For uplink data
transmission, the optimized content is mainly to transmit
small data along with message 3 1n a random access proce-
dure. Because this optimization method can complete data
transmission at an earlier moment than conventional data
transmission methods, 1t 1s called early data transmission. In
the present disclosure, small data (or small packet) can be
equivalent to early data.

Enhanced Coverage Level: The degree to which coverage
needs to be enhanced 1s divided 1nto a plurality of enhanced
coverage levels 1n the coverage enhancement technology;
for example, three enhanced coverage levels are defined 1n
NB-IoT. In MTC, four enhanced coverage levels are defined.
In some enhanced coverage methods, each enhanced cov-
crage level can correspond to a set of different wireless
parameter configurations, such as a random access configu-
ration (such as Physical Random Access Channel (PRACH)
resources). When mnitiating random access, a medium access
control layer of UE determines an enhanced coverage level
of the UE according to measured RSRP and an RSRP
threshold used for determining an enhanced coverage level
and received 1n system information, and selects a corre-
sponding random access resource (for example, a preamble)
and parameter (for example, a random access response
window size) according to the determined enhanced cover-

age level to mitiate a random access process.

Physical Downlink Control Channel (PDCCH): The
PDCCH may refer to a PDCCH 1 3GPP LTE/LTE-A (Long
Term Evolution/Long Term Evolution-Advanced) or an
MPDCCH {for Machine Type Communication (MTC
PDCCH) or an NPDCCH for Narrowband IoT communica-
tion or an NR-PDCCH for NR (New Radio, also known as
5(), etc. The physical downlink shared channel may refer to
a Physical Downlink Shared Channel (PDSCH) in 3GPP
LTE/LTE-A (Long Term Evolution/Long Term Evolution-
Advanced) or an NPDSCH or NR-PDSCH for narrow-band
Internet of Things communication, etc.

Physical signaling/channel: The physical signaling/chan-
nel may refer to physical wake-up signaling (Wake Up
Signal, WUS)/channel, or physical go-to-sleep signaling
(Go-To-Sleep Signal, GTS)/channel, etc. The physical
wake-up signaling/channel refers to a physical wake-up
mgnahng/channel that needs to be detected or decoded by
UE 1 an idle mode or UE 1n a Discontinuous Receptlon
(DRX) state 1n an RRC connected mode before receiving or
detecting or decoding a physical downlink control channel
and/or a physical downlink shared channel. If the physical
wake-up signaling 1s detected or decoded, a subsequent
physical downlink control channel and/or physical downlink
shared channel 1s recerved or detected or decoded. Alterna-
tlvely, the physical wake-up signaling/channel refers to that
UE 1 an idle state or UE with discontinuous reception
(DRX) state in an RRC connected state, which needs to
detect or decode the physical wake-up signaling/channel
betfore receiving or detecting or decoding a physical down-
link control channel and/or physical downlink shared chan-
nel. If the physical wake-up signaling/channel 1s detected or
decoded, a subsequent physical downlink control channel
and/or physical downlink shared channel 1s detected or
decoded. If the physical wake-up signaling/channel 1s not
detected or decoded, a subsequent physical downlink control

channel and/or physical downlink shared channel 1s not
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detected or decoded. Or, the subsequent physical downlink
control channel and/or physical downlink shared channel 1s
ignored or skipped. The physical go-to-sleep signaling/

channel refers to a physical go-to-sleep signaling/channel

that needs to be detected or decoded by UE 1n an 1dle mode
or UE 1n a Discontinuous Reception (DRX) state in an RRC
connected mode before recerving or detecting or decoding a
physical downlink control channel and/or a physical down-

link shared channel. If the physical go-to-sleep signaling/

channel 1s detected or decoded, the UE does not detect or

decode a subsequent physical downlink control channel
and/or physical downlink shared channel, but directly enters
a sleep state. Alternatively, the physical go-to-sleep signal-
ing/channel refers to that UE in an idle state or UE with
discontinuous reception (DRX) 1n an RRC connected state,
which needs to detect or decode the physical go-to-sleep
signaling/channel before recerving or detecting or decoding
a physical downlink control channel and/or physical down-
link shared channel. If the physical go-to-sleep signaling/

channel 1s detected or decoded, a subsequent physical down-
link control channel and/or physical downlink shared

channel 1s not detected or decoded. It the physical wake-up
signaling 1s not detected or decoded, a subsequent physical
downlink control channel and/or physical downlink shared
channel 1s recerved or detected or decoded.

(L]

Paging Mechamism i LTE:

In the 3GPP Rel-14 standard specification, UE 1n an idle
mode can employ discontinuous reception to reduce power

consumption. A Paging Occasion (PO) 1s a subirame 1n
which a PDCCH or MPDCCH or NPDCCH that uses a

Paging-Radio Network Temporary Identifier (P-RNTI) for
scrambling and schedules paging messages may be present.
In the case of an MPDCCH scrambled by a P-RNTI, the PO
refers to a starting subirame for repeated transmaission of the
MPDCCH. In the case of an NPDCCH scrambled by a

P-RNTI, the PO refers to the starting subframe of NPDCCH
repetitions unless the subframe determined by the PO 1s not

a valid NB-IoT downlink subframe. When the subframe
determined by the PO 1s not a valid NB-IoT downlink
subframe, the first valid NB-IoT downlink subirame after
the PO 1s the starting subirame for NPDCCH repetitions.

Apaging radio frame (Paging Frame, PF) 1s a radio frame,
which may include one or a plurality of POs. When DRX 1s
used, the UE needs to monitor only one PO in each DRX
cycle.

(L]

Paging Narrowband (PNB) 1s a narrowband on which U.
receives a paging message.

The PF, PO, and PNB are determined by following
formulae using the DRX parameters provided in system
information equations:

The PF 1s given by the following equation:

SEN mod 7=(7 div N)*(UE_ID mod N) (1)

The PO may be obtained by looking up Table 1, Table 2,
Table 3, or Table 4 using an 1ndex 1_s according to a duplex
mode and a system bandwidth. The 1_s 1s obtained through
the following equation:

i_s=floor(UE_ID/N) mod Ns (2)
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For FDD:

TABLE 1

(when a PDCCH or NPDCCH 1s scrambled with a P-
RNTI, or an MPDCCH 1s scrambled with a P-RNTI
and system bandwidth 1s greater than 3 MHz)

Ns PO, 1_s=0 PO, 1_s=1 PO,1_s=2 PO, 1_s=3
1 9 N/A N/A N/A
2 4 9 N/A N/A
4 0 4 5 9
TABLE 2
(an MPDCCH 1s scrambled with a P-RNTI and
system bandwidth 1s 1.4 MHz and 3 MHz)
Ns PO, 1_s=0 PO, 1_s=1 PO,1_s=2 PO,1_s=3
1 5 N/A N/A N/A
2 5 5 N/A N/A
4 5 5 5 5
For TDD (all uplink/downlink configurations):
TABLE 3
(when a PDCCH 1s scrambled with a P-RNTIL,
or an MPDCCH 1is scrambled with a P-RNTI,
and system bandwidth 1s greater than 3 MHz)
Ns PO, 1_s=0 PO, 1_s=1 PO,1_s=2 PO, 1_s=3
1 0 N/A N/A N/A
2 0 5 N/A N/A
4 0 1 5 6
TABLE 4
(an MPDCCH 1is scrambled with a P-RNTI and
system bandwidth 1s 1.4 MHz and 3 MHz)
Ns PO, 1_s=0 PO, 1_s=1 PO,1_s=2 PO, 1_s=3
1 1 N/A N/A N/A
2 1 6 N/A N/A
4 1 1 6 6

I1 the detected MPDCCH 1s scrambled by the P-RNTI, the

paging narrowband (PNB) 1s determined by the following
equation:

PNB=tloor(UE_ID/(N*Ns)) mod Nx (3)

If the detected NPDCCH 1s scrambled by the P-RNTT and
the UE supports reception of a paging message on a non-
anchor carrier, and configuration information of the paging
message 1s provided for the non-anchor carrier in the system
information, the paging carrier 1s determined by a minimum
paging carrier n satistying the following equation (4):

Jj=(max Paging Carriers—1)

floor (UE_ID /(N % Ns)) mod Z Weight [ /] < (4)

Zk =(n—1)
=0

J=0

Weight [K]

Each time the DRX parameters 1n the system information
change, the DRX parameters in the system information
stored 1n the UE need to be updated locally 1n the UE. If the
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UE does not have an international mobile subscriber identity
(IMSI), for example, the UE does not have a universal
subscriber 1dentity module (Universal Subsriber Identity
Module, USIM) and needs to initiate an emergency call, the
UE needs to use a default identity UE_ID=0 in the above PF,
1_s, and PNB equations.

The following parameters are used to calculate the paging

carrier for the PF, 1_s, PNB, and NB-IoT:
T: ADRX cycle of U* Except for NB-IoT, 1f a high layer
configures a UE-specific extended DRX value as 512

radio frames, T=512. Otherwise, T 1s determined by the
shortest DRX cycle 1n a UE-specific DRX cycle (f

configured by the high layer) and a default DRX cycle
broadcast 1n the system information. If the high layer

does not configure the UE-specific DRX cycle, the
default DRX cycle 1s used. The UE-specific DRX cycle
does not apply to NB-IoT.

Nn: The number of paging narrowbands provided in
system 1nformation

UE_ID:

IMSI mod 1024, if a P-RNTI 1s used to scramble a
PDCCH

IMSI mod 4096, 1f a P-RNTI i1s used to scramble an
NPDCCH

IMSI mod 16384, if a P-RNTI 1s used to scramble an
MPDCCH or a P-RNTI 1s used to scramble an
NPDCCH and the UE supports reception of a paging
message on a non-anchor carrier, and 11 configuration
information of the paging message 1s provided for the
non-anchor carrier in the system information.

maxPagingCarriers: The number of configured paging
carriers provided in system information

Weight(1): The weight of the 1-th paging carrier of NB-IoT

The IMSI 15 a series of decimal digits (0 ... 9). The IMSI
in the equation 1s 1mterpreted as a decimal integer 1n which
the first digit 1s the highest-order digit, and so on. For
example: IMSI=12 (digit 1=1, digit 2=2), the IMSI 1s
interpreted as a decimal number “12” during calculation,
instead of “1*16+2=18".

In the 3GPP Rel-14 standard specification, for UE 1n an
1dle mode, the paging mechanism can be employed to reduce
the power consumption of the UE. When the UE has poor
channel conditions and coverage enhancement 1s required, a
PDCCH and/or PDSCH needs to be repeatedly transmuitted
in order to correctly receive mformation from a base station
or correctly transmit information to the base station. When
the UE needs to detect a paging message, the UE needs to
be woken up from a sleep state to detect on each PO whether
a paging message of the UE exists. However, the UE does
not have any paging message most of the time. In this way,
when the UE 1s 1n a coverage enhanced state, the UE needs
to receive a PDCCH or PDSCH repeatedly many times so as
to detect whether a paging message of the UE exists, and the
UE does not have its own pagmg message most of the time.
As aresult, the UE power 1s greatly consumed. For an MTC
or NB-IoT user, 1t 1s extremely important to reduce power
consumption of the UE. Therefore, in the 3GPP Rel-15
standard specification, physical wake-up signaling 1s intro-
duced for UE 1n an 1dle state. That 1s, before detection of a
paging message on each PO, physical wake-up signaling 1s
designed. If the UE detects the physical wake-up signaling,
the UE detects a paging message on a subsequent PO, that
1s, detects a PDCCH (or MPDCCH or NPDCCH) scrambled
with a P-RNTI and receives a PDSCH (or NPDCCH)
scheduled by the PDCCH (or MPDCCH or NPDCCH). It
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the UE does not detect the physwal wake-up signaling, the
UE does not detect the paging message on the subsequent
PO and directly returns to a sleep state.

In order to further reduce the power consumption of the
UE, UE-group-based physical wake-up signaling (UE-group
WUS) or physical go-to-sleep signaling can be introduced.
For example, UEs corresponding to a specific PO can be
divided into several groups, and a specific group or a
plurality of groups of UE use one WUS. Considering
backward compatibility, the newly introduced UE-group
WUS or Rel-16 UE-group WUS should not affect the
existence and performance of the existing Rel-15 WUS. In
other words, when a system supports Rel-16 UE-group
WUS, the system can support the Rel-15 WUS at the same
time. In addition, considering that not all Rel-16 UE sup-
ports the UE-group WUS function, 1t 1s necessary to divide
Rel-16 UE 1nto UE supporting the UE-group WUS and UE
not supporting the UE-group WUS. Therefore, 1n a Rel-16
system, there are three types of UE that support WUS:
Rel-15 WUS UE or Legacy WUS UE (LWUS UE), UE
(NGWUS UE) that does not support the UE-group WUS,
and UE (GWUS UE) that supports the UE-group WUS. A
solution regarding how to configure the UE group GWUS 1s
proposed 1n the following embodiments of the present
disclosure. By means of the method, UE group-based
GWUS ftransmission can be implemented, so that UE can
learn a GWUS configuration and can monitor GWUS asso-
ciated therewith based on the UE group, so as to achieve the
purpose of reducing power consumption.

Regarding the aforementioned pre-configured uplink
resources, there may be two ways: one way 1s to use
dedicated pre-configured uplink resources, that 1s, dedicated
uplink resources are pre-allocated to UE so that uplink data
transmission will not cause collisions; the other way 1s to use
shared pre-configured uplink resources, that 1s, allocated
uplink resources are shared by a plurality of UE, which may
be a shared resource pool. In this way, the plurality of UE
may use one resource for uplink transmission, which may
cause contlicts due to potential contention and consequently
lead to transmission failures. The conclusion reached at the
recent 3GPP meeting 1s to support the allocation of dedi-
cated pre-configured uplink resources for UE through RRC
dedicated signaling, and whether to support the sharing of
pre-configured uplink resources has not been determined.
The pre-configured uplink resources are uplink resources
pre-allocated to UE through an RRC message. The pre-
configured uplink resources may be allocated 1n an RRC
connected state for uplink data transmission when UE 1s 1n
an RRC 1dle state and/or RRC connected state, or the UE
may be notified through system information of the pre-
configured uplink resources to be used for uplink data
transmission 1 an RRC idle state. Although the present
disclosure uses UE 1n an RRC idle state as a typical scenario
to 1llustrate the following solutions, unless otherwise speci-
fied, the following embodiments of the present disclosure
are also applicable to UE 1 an RRC connected state. For
example, the carrier configuration i1mplementation 1n
Embodiment 1 1s also applicable to a pre-configured uplink
resource configuration when the UE 1n an RRC connected
state performs uplink data transmission.

In an NB-IoT system, 1n a Release 13 system, UE 1s only
supported to reside on an anchor carrier, that 1s, the UE
initiates on the anchor carrier a random access procedure for
establishing a connection to a network side or receives on
the anchor carrier a paging message for downlink trafhic.
However, 1t may be supported to configure for the UE a
non-anchor carrier (1.e., a carrier configured through a
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CarrierConfigDedicated-NB information element) through
an RRC dedicated message such as an RRC connection

reconfiguration message after the UE enters a connected
state, so that uplink and downlink tratlic of the UE can be
transierred to the configured non-anchor carrier, thereby
achieving a load balance between the anchor carrier and the
non-anchor carrier. In a Release 14 system, the function of
random access procedure and paging reception on non-
anchor carriers 1s added. This function 1s achieved by
carrying in system information an uplink non-anchor carrier
configuration list (1.e., the aforementioned ul-configlist
information element) and a downlink non-anchor carrier
configuration list (1.e., the aforementioned dl-configlist
information element). The UE may select, according to a
specific rule, a non-anchor carrier from the uplink non-
anchor carrier list to perform a random access procedure (see
Section 5.1 1 3GPP protocol document 36.321), or may
select, according to a specific rule, a non-anchor carrier from
the downlink non-anchor carrier list to monitor/receive
paging (see section 7 1 3GPP protocol document 36.304).
For pre-configured uplink resources, in order to maximize
the use of NB-IoT system resources and achieve a load
balance between anchor carriers and non-anchor carriers, a
solution to the 1ssue of how to configure pre-configured
uplink resources for UE on anchor carriers and non-anchor
carriers 1s proposed 1n the present disclosure.

For dedicated pre-configured uplink resources, the dedi-
cated pre-configured resources may be configured by a base
station through RRC dedicated signaling, such as an RRC
connection release message, an RRC connection reconfigu-
ration message, an RRC connection establishment message,
an RRC connection recovery message, and other RRC
connection-related messages, when the UE 1s previously 1n
an RRC connected state. The UE 1n an RRC 1dle state can
use the dedicated pre-configured uplink resources to trans-
mit uplink data. However, when the UE {falls back to a
conventional transmission mode, for example, when need-
ing to enter an RRC connected state for downlink traflic
transmission because the UE receives a paging message,
how to deal with pre-configured uplink resources used in an
1dle state becomes an 1ssue to be resolved. In addition, the
tallback to the conventional transmission method may also
be triggered by a transmission failure on the pre-configured

uplink resources. In this case, how to implement the fallback
to the conventional transmission method 1s also a concern of
this disclosure.

In the following embodiments of the present disclosure,
indicate/indication and notify/notification or inform/infor-

mation can be interchanged. UE can refer to NB-IoT UE,
Bandwidth-reduced Low-complexity (BL) UE, UE 1n

enhanced coverage, or other UE such as 5G NR UE. In the
present disclosure, PRACH, NPRACH, and RACH may be
interchangeable. The pre-configured uplink resources may
also be referred to as pre-configured uplink grants or pre-
allocated uplink resources or pre-allocated uplink grants,
ctc. The coverage enhancement level 1s equivalent to
enhanced coverage level, or may also be referred to as a
repetition level.

Embodiment 1

FIG. 1 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 1 of the present
disclosure.

Hereinafter, the method executed by user equipment in
Embodiment 1 of the present disclosure will be described 1n
detail with reference to FIG. 1.
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This embodiment proposes a method for configuring
pre-configured uplink resources, which 1s implemented on
User Equipment (UE).

As shown 1 FIG. 1, step S101: UE receives an RRC
message containing a pre-configured uplink resource con-
figuration. Preferably, the RRC message may be an RRC
connection release message; alternatively, the RRC message
may be an RRC connection-related message such as an RRC
connection reconfiguration message, an RRC connection
reestablishment message, an RRC connection establishment
message, and an RRC connection recovery message. Several
implementations of carrier information 1n the pre-configured
uplink resource configuration are given below.

In an implementation, 1 the pre-configured uplink
resource configuration does not contain carrier information,
the UE uses an anchor carrier (that 1s, the UE considers that
the pre-configured uplink resource 1s related to an anchor
carrier); 1f carrier information in the pre-configured uplink
resource configuration 1s set to “non-anchor carrier” or
“dedicated carrier,” the UE uses a carrier configured by a
CarrierConfigDedicated information element in a dedicated
RRC message, that is, the UE considers that the configured
pre-configured uplink resource 1s related to a dedicated
carrier configured by the CarrierConfigDedicated informa-
tion element.

In an implementation, if the carrier information in the
pre-configured uplink resource configuration 1s set to “0” or
“TURE,” the UE uses an anchor carrier (that 1s, the UE
considers that the pre-configured uplink resource 1s related
to an anchor carrier); i1t the carrier information in the
pre-configured uplink resource configuration 1s set to “1” or
“FALSE,” the UE uses a carrier configured by a Carrier-
ConfigDedicated information element in a dedicated RRC
message, that 1s, the UE considers that the configured
pre-configured uplink resource 1s related to the dedicated
carrier configured by the CarrierConfigDedicated informa-
tion element. In this case, the carrier immformation may
indicate whether to use the anchor carrier for the pre-
configured uplink resource. The converse 1s also possible. If
the carrier information in the pre-configured uplink resource
configuration 1s set to “1” or “FALSE,” the UE uses an
anchor carrier (that 1s, the UE considers that the pre-
configured uplink resource 1s related to an anchor carrier); 1if
the carrier information 1n the pre-configured uplink resource
configuration 1s set to “0” or “T'URE,” the UE uses the
carrier configured through the CarnerConfigDedicated
information element in the dedicated RRC message, that is,
the UE considers that the configured pre-configured uplink
resource 1s related to the dedicated carrier configured by the
CarrierConfigDedicated information element. In this case,
the carrier iformation may indicate whether to use the
dedicated (non-anchor) carrier for the pre-configured uplink
resource.

In another implementation, the carrier information in the
pre-configured uplink resource configuration contains a car-
rier index, which 1s used to indicate which carrier 1n system
information 1s to be used for the pre-configured uplink
resource. For an uplink carrier in the pre-configured uplink
resource configuration, the carrier index of a value of “0”
corresponds to uplink corresponding to an anchor carrier,
that 1s, the anchor carrier 1s used for the pre-configured
uplink resource, and the carrier mndex of a value of “1”
corresponds to the first entry in the ul-configlist information
clement; the carrier index of a value of “2” corresponds to
the second entry in the ul-configl.ist information element,
and so on. For a downlink carrier in the pre-configured
uplink resource configuration, the carrier index of a value of
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“0” corresponds to an anchor carrier, that 1s, the anchor
carrier 1s used for the pre-configured uplink resource, and

the carrier index of a value of “1” corresponds to the first
entry 1n the dl-configlist information element; the carrier
index of a value of “2” corresponds to the second entry in the
dl-configlist information element, and so on. The downlink
carrier 1n the pre-configured uplink resource may be used for
downlink scheduling of data retransmission and/or for
response to downlink reception of uplink data.

Step S102: The UE stores the received pre-configured
uplink resource configuration.

Step S103: When the UE enters an RRC idle state (or
referred to as leaving an RRC connected state, or an RRC
iactive state), the UE applies the stored pre-configured
uplink resource configuration. Optionally, a pre-configured
uplink resource validity timer 1s started. The applying the
stored pre-configured uplink resource configuration means
configuring a related protocol layer according to the stored
pre-configured uplink resource configuration. The pre-con-
figured uplink resource validity timer 1s used to determine
whether the pre-configured uplink resource i1s valid. For
example, when the timer 1s running, the stored or configured
pre-configured uplink resource 1s considered valid; when the
timer 1s not running or expires, the stored or configured
pre-configured uplink resource 1s considered invalid.

For the pre-configured uplink resource validity timer, one
implementation 1s that the timer 1s a Time Alignment Timer
(TAT). The TAT 1s used 1n the prior art to control how long
a MAC entity considers a serving cell to be in an uplink
alignment (1.¢., uplink synchronization) state. That 1s to say,
when the TAT 1s running, the UE MAC entity considers that
a corresponding serving cell 1s uplink aligned, in which case
the pre-configured uplink resource 1s valid; when the TAT 1s
not running or expires, the UE MAC entity considers that the
corresponding serving cell 1s not uplink aligned, 1n which
case the pre-configured uplink resource 1s mvalid.

Embodiment 2

FIG. 2 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 2 of the present
disclosure.

Hereinatiter, the method executed by user equipment in
Embodiment 2 of the present disclosure will be described 1n
detail with reference to FIG. 2.

This embodiment provides a method for managing pre-
configured uplink resources. In this embodiment, 1f UE
enters an RRC connected state, the UE considers that a
stored pre-configured uplink resource for an RRC idle state
1s useless, and the UE can delete a configuration related to
the pre-configured uplink resource by 1itself to avoid power
consumption of resource management caused by the pre-
configured uplink resource related configuration when the
UE 1s 1n the connected state.

As shown 1n FIG. 2, step S201: UE enters an RRC
connected state.

The entering an RRC connected state may be that the UE
receives an RRC message for instructing the UE to enter a
connected state, which 1s preferably an RRC connection
recovery message or an RRC connection establishment
message.

Step S202: The UE performs one or a plurality of the
tollowing operations:

Operation 1: Release a (stored) pre-configured uplink
resource configuration.

Operation 2: Release a (configured) pre-configured uplink

resource.
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Operation 3: Stop a timer used to determine the validity
of the pre-configured uplink resource.
The “release” may also be “delete.”

Embodiment 3

FIG. 3 1s a flowchart schematically showing a method
executed by user equipment 1n Embodiment 3 of the present
disclosure.

Heremaftter, the method executed by user equipment 1n
Embodiment 3 of the present disclosure will be described 1n
detail with reference to FIG. 3.

This embodiment provides another method for managing,
pre-configured uplink resources. In this embodiment, 1f UE
enters an RRC connected state, the UE considers that a
stored pre-configured uplink resource for an RRC 1dle state
can be used after the UE enters the 1dle state again, and the
UE will therefore retain a configuration related to the
pre-configured uplink resource. In this way, if a network side
configures the pre-configured uplink resource for the UE
when the UE enters an idle state again, signaling overheads
caused by the reconfiguration of the pre-configured uplink
resource can be reduced or avoided.

As shown in FIG. 3, step S301: UE
connected state.

The entering an RRC connected state may be that the UE
receives an RRC message for instructing the UE to enter a
connected state, which 1s preferably an RRC connection
recovery message or an RRC connection establishment
message.

Step S302: The UE performs one or a plurality of the
following operations:

Operation 1: If the RRC message contains a pre-config-
ured uplink resource configuration, the UE applies the
received pre-configured uplink resource configuration. If the
UE has a pre-configured uplink resource configuration
stored previously, the applying the received pre-configured
uplink resource configuration further includes that the UE
updates the stored pre-configured uplink resource configu-
ration, that 1s, replacing the stored pre-configured resource
pre-configured uplink resource configuration with the pre-
configured uplink resource configuration contained in the
received RRC message to pre-configure an uplink resource
configuration.

Operation 2: If there 1s a running timer for determining the

validity of the pre-configured uplink resource, restart the
timer for determining the validity of the pre-configured
uplink resource.

enters an RRC

Embodiment 4

FIG. 4 1s a flowchart schematically showing a method
executed by user equipment 1n Embodiment 4 of the present
disclosure.

Hereinatter, the method executed by user equipment 1n
Embodiment 4 of the present disclosure will be described 1n
detail with reference to FIG. 4.

Generally speaking, UE configured with a pre-configured
uplink resource will use the corresponding pre-configured
uplink resource to transmit uplink data. However, 1n some
cases, Tor example, 1f the UE does not have a valid TA, or
the amount of uplink data to be transmitted 1s large, the UE
will choose to fall back to a conventional uplink transmis-
sion method, that 1s, entering an RRC connected state to
transmit the uplink data by triggering a random access
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procedure to use EDT to transmit uplink data or use a
non-EDT conventional RRC connection establishment/re-

covery procedure.

This embodiment provides a method 1 which UE con-
figured with a pre-configured uplink resource fails to trans-
mit data on the pre-configured uplink resource and therefore
falls back to a conventional uplink transmission mode,
which 1s implemented on UE in an RRC idle state.

As shown 1n FIG. 4, step S401: A lower layer of UE
performs pre-configured uplink resource transmission, that
1s, the UE uses a pre-configured uplink resource to transmit
uplink data. The lower layer refers to a MAC layer and/or a
physical layer.

Before step S401, the method may also include that an
RRC layer determines to use the pre-configured uplink
resource to transmit the uplink data, and instructs the lower
layer to use the pre-configured uplink resource to transmuit
the uplink data.

Step S402: If the lower layer has not received any
response nformation from a base station, for example, an
indication for confirming whether the uplink transmission 1n
step S401 1s a successiul reception or a failed reception, the
lower layer transmits indication information to the upper
layer (RRC layer) for indicating to the upper layer that the
lower layer has not received a response to the pre-configured
resource uplink transmission, or indicating to the upper layer
that the pre-configured resource uplink transmission of the
lower layer has failed, and the indication information may
also be interpreted as an instruction to request the upper
layer to fall back to conventional uplink transmission.

The determination that the lower layer has not recerved
any response Irom the base station may be determination
based on a certain time duration, for example, no response
has been received within a time duration after transmission
of the uplink data, or the UE has not received any response
alter performing a certain number of retransmissions of the
uplink data. Optionally, the response may be a response
indicating successtul reception.

Optionally, this step further includes that the MAC layer
flushes a MAC layer-related bufler, which may be a message
3 bufler or a Hybrid Automatic Repeat Request (HARQ)
builer.

Step S403: After recerving the indication in step S402
from the lower layer, the RRC layer performs an operation
of falling back to the conventional uplink transmission
mode. The operation may include one or a plurality of the
tollowing:

Operation 1: Start or restart a T300 timer.

Operation 2: Reestablish a Radio Link Control (RLC)
layer corresponding to a Data Radio Bearer (DRB) and/or a
Signaling Radio Bearer (SRB).

Operation 3: Reestablish a Packet Data Convergence
Protocol (PDCP) layer corresponding to the DRB and/or the
SRB.

Operation 4: Delete a securnity key derived for performing
uplink data transmission on the pre-configured uplink
resource.

Operation 5: Suspend all SRBs and DRBs, excluding
SRBO herein.

Operation 6: Configure the lower layer to suspend integ-
rity protection and encryption functions.

Embodiment 5

FIG. 5 1s a flowchart schematically showing a method
executed by user equipment in Embodiment 5 of the present
disclosure.
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Hereinatter, the method executed by user equipment 1n
Embodiment 5 of the present disclosure will be described 1n

detail with reference to FIG. 5.

For the use of pre-configured uplink resources, one imple-
mentation 1s that when there 1s uplink data to be transmaitted
(for example, based on a request from a NAS layer), an RRC
layer determines whether to use a pre-configured uplink
resource transmission mode or a conventional uplink data
transmission mode. In some cases, whether the pre-config-
ured uplink resources are valid 1s determined by the RRC
layer, for example, based on whether a serving cell has
changed, and 1n some other cases, it 1s determined by a MAC
layer, for example, based on whether the aforementioned
TAT has expired. In such cases, information exchange
between the MAC layer and the RRC layer 1s required to
complete the entire determination of whether to use the
pre-configured uplink resource transmission mode. This
embodiment provides a solution to the information exchange
between layers.

As shown 1 FIG. 5, step S501: A MAC entity of UE
determines that a pre-configured uplink resource 1s invalid.
The determination may be based on a pre-configured uplink
resource validity timer or a TAT, or may be based on a
transmission failure on the pre-configured resource, or may
be based on downlink channel quality such as RSRP exceed-
ing a configured threshold.

Step S502: When the MAC entity of the UE determines
that the pre-configured uplink resource 1s mvalid, the MAC
layer of the UE transmits a pre-configured uplink resource
invalidity indication to an RRC layer of the UE, that is,
indicates to the RRC layer that the pre-configured uplink
resource 1s 1nvalid. Optionally, the indication may also
indicate a specific reason for invalidity, such as the pre-
configured uplink resource validity timer expires or the TAT
expires.

Step S503: The RRC layer that recerves the indication
from the MAC layer can release a pre-configured uplink
resource configuration.

Step S503 1s optional, that 1s, the RRC layer may also
choose not to release the pre-configured uplink resource
configuration aiter recerving the indication, but directly fall
back to a conventional uplink data transmitting mode. In this
implementation mode, when the RRC layer determines
whether to use the pre-configured uplink resource transmis-
sion mode, the determination needs to be based on whether
the pre-configured uplink resource (configuration) 1s valid,
that 1s, the pre-configured uplink resource transmission
mode can only be used when there 1s a valid pre-configured
uplink resource.

In this way, according to the description of the foregoing
embodiments, the present disclosure provides a method
executed by user equipment that can resolve the 1ssues of
configuration and management of pre-configured uplink
resources.

Variant Embodiment

Hereinatter, FIG. 6 1s used to illustrate user equipment
that can execute the method executed by user equipment
described in detail above in the present disclosure as a
variant embodiment.

FIG. 6 1s a block diagram schematically showing user
equipment mvolved 1n the present disclosure.

As shown 1 FIG. 6, User Equipment (UE) 80 includes a
processor 801 and a memory 802. The processor 801 may
include, for example, a microprocessor, a microcontroller,
an embedded processor, etc. The memory 802 may include,
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for example, a volatile memory (such as a Random Access
Memory (RAM)), a Hard Disk Drive (HDD), a non-volatile

memory (such as a tlash memory), or other memories. The
memory 802 stores program instructions. The instructions,
when executed by the processor 801, can perform the
alorementioned method performed by the user equipment as
described 1n detail 1in the present invention.

Embodiment 6

This embodiment provides a method for configuring a UE
group-based physical wake-up signal, which can be imple-
mented on UE or a base station or a system including the UE
and the base station. Through this method, the UE and the

base station can receive or transmit a WUS based on
configured group-based WUS, so as to reduce power con-
sumption of the UE and use the least WUS resources to
achieve the purpose of reducing the power consumption of
the UE.

The method includes: dividing GWUS UE corresponding,
to a specific PO into several UE groups, and assigning a

WUS to each group or a plurality of groups of UE. For

example, UE-group supporting WUS UE corresponding to a
specific PO 1s divided into four groups: G1, G2, G3, and (4.
If one GWUS 1s allocated to each group of UE, four WUSs
are required: GWUS1, GWUS2, GWUS3, and GWUS4,
corresponding to G1, G2, G3, and G4, respectively. Alter-

natively, the four groups of UE can be combined, 1n a total
of 15 combinations: G1, G2, G3, G4, G1+G2, G1+G3,

G1+G4, G2+G3, G2+G4, G3+G4, G1+G2+G3, G1+G2+G4,
G1+G3+G4, G2+G3+G4, and G1+G2+G3+G4. One GWUS
can be allocated to each combination, and 15 GWUS are
required. Alternatively, several combinations can be
selected, and one GWUS can be allocated to each of the
selected combinations. For example, 11 combinations, G1,
G2, G3, G4, G1+G2, G1+G3, G1+G4, G2+G3, G2+G4,
G3+G4, and G1+G2+G3+G4, are selected, and 11 GWUSs,
GWUS1, GWUS2, GWUSI10, and GWUSI11, are
allocated to the 11 combmatlons respectively. When the UE

of Gl has a paging message, a base station transmits
GWUSI; when the UE of G1 and G2 has a paging message,

the base station transmits GWUSS5:; when the UE of G1, G2,
(3, and G4 has a paging message, the base station transmuits
GWUSI11. Alternatively, one GWUS 1s allocated to each of
G1, G2, G3, and G4, and one GWUS (also referred to as a
common CWUS) 1s separately allocated to G1+G2+G3+G4.
In this case, five GWUSs are required. Alternatively, a
Common WUS (CWUS) can be configured through system
information or UE-specific RRC signaling or MAC signal-
ing or physical layer signaling, and the CWUS may be
configured as a LWUS or a newly defined WUS.

UE that does not support UE-group WUS 1n Rel-16 can
be configured as LWUS UE, or a WUS configured for UE
that does not support UE-group WUS 1n Rel-16 1s an LWUS,
that 1s, UE that does not support UE-group WUS 1n Rel-16
uses an LWUS to operate. Alternatively, a newly defined
WUS can be conﬁgured for UE that does not support
UE-group WUS 1n Rel-16.

Alternatively, for UE supporting UE-group WUS 1n Rel-
16, a specific group or a plurality of groups of UE 1n several
groups may be configured as UE that uses an LWUS, or a
WUS configured for a specific group or a plurality of groups
of UE 1n several groups of UE supporting UE-group WUS
in Rel-16 1s an LWUS, that 1s, the specific group or plurality
of groups of UE 1n several groups of UE supporting UE-
group WUS 1n Rel-16 use an LWUS to operate.
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Multiplexing between LWUS and GWUS and between
GWUS and GWUS may be Time Division Multiplexing
(TDM), Frequency Division Multiplexing (FDM), Code
Division Multiplexing (CDM), FDM+TDM, FDM+CDM,
TDM+CDM, or FDM+TDM+CDM. The multiplexing
mode between LWUS and GWUS may be different from the
multiplexing mode between GWUS and GWUS. For
example, TDM 1s used between LWUS and GWUS, and
CDM 1s used between GWUS and GWUS. Alternatively,
FDM 1s used between LWUS and GWUS, and CDM or
FDM+CDM 1s used between GWUS and GWUS. Alterna-
tively, the multiplexing mode between LWUS and GWUS
and the multiplexing mode between GWUS and GWUS
employ the same multiplexing mode, for example, the same
multiplexing mode of CDM or one of the foregoing possible
multiplexing modes 1s employed.

The base station can configure the multiplexing mode
between LWUS and GWUS according to an operating
environment of the base station (for example, the number of
UE the base station serves, etc.). Alternatively, the base
station configures the multiplexing mode between LWUS
and GWUS and/or the multiplexing mode between GWUS
and GWUS separately or collectively according to the
number of UE groups supported or other possible param-
eters.

FDM 1s multiplexing based on one or a plurality of
Physical Resource Blocks (PRBs) as a unit. Alternatively,
FDM 1s multiplexing based on one or a plurality of subcar-
riers as a unit.

TDM 1s multiplexing based on one or a plurality of
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols as a unit. Alternatively, TDM 1s multiplexing based on
one or a plurality of subirames as a umt. Alternatively, TDM
1s multiplexing based on one or a plurality of radio frames
as a unit. Alternatively, TDM 1s multiplexing based on one
or a plurality of Discontinuous Reception (DRX) cycles as
a unit. Alternatively, TDM 1s multiplexed based on one or a
plurality of Enhanced Discontinuous Reception (eDRX)
cycles as a unit.

CDM 1s multiplexing based on different basic sequences.
Alternatively, the CDM 1s multiplexing based on different
cover codes of the same basic sequence. The cover codes can
be a frequency domain cover code or a time domain cover
code. For example, there are 12 subcarriers in one PRB, and
12 orthogonal cover codes can be generated; alternatwely,
the cover codes are generated based on OFDM symbols 1n
the time domain. When the CDM mode 1s employed, there
are two transmission modes: only one code (basic sequence
or cover code) 1s transmitted at a specific moment, and a
plurality of codes (basic sequences or cover codes) are
transmitted at a specific moment.

In one implementation, the UE determines which group
the UE belongs to based on a UE identifier. The UE and the
base station need to learn configuration information of a
plurality of UE groups and UE group-based GWUSs before
they can monitor/transmit, based on a UE group, a GWUS
associated with the corresponding group. Associations
between a plurality of combinations of UE groups and a
plurality of GWUSs are given below, but 1t 1s worth noting
that the manners i which UE learns the associations
between the plurality of combinations of UE groups and the
plurality of GWUSs 1n the present disclosure 1s not limited
to the two 1mplementations described below.

In an implementation, the configuration information of
the GWUSs contains a GWUS list, and each item 1n the list
corresponds to one GWUS, that 1s, contains a resource
configuration of one GWUS. The resource configuration
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may be time domain resources, frequency domain resources,
code domain resources, and/or space domain resources. In
addition, the GWUS configuration information also contains
information about the number of UE groups and/or a bitmap.
The mnformation about the number of UE groups i1s used to
indicate the number of UE groups; the bitmap 1s used to
indicate whether each of the plurality of combinations based
on the UE groups 1s associated with a GWUS 1n the GWUS
list. When the number of UE groups 1s N, the length of the
bitmap is (C, +Cy + . . . +C\/ '+C,Y) bits. A maximum
possible number of combinations between the N UE groups
is also (Co +Cr7+ ... +C/ 7 14CY) Gee., G1, G2, .. ., GN,
G1+G2, G1+G3, . . ., G1+GN, G2+G3, G2+G4,, C e
G2+GN, G3+G4, G3+GN, . . . , GM+G(M+1), :
GM+GN, G(N-1)+GN, G1+G2+G3 G1+G2+G4, .

G1+G2+GN, G1+G3+G4, G1+G2+ . . . +GN), so that each
b1t 1n the bitmap corresponds to a combmatlon of UE groups
or a GWUS corresponding to the combination. For a specific
bit, 1f the value of the bit1s set to 1, a GWUS associated with
a UE group combination corresponding to the bit 1s con-
tained 1n the GWUS list; 11 the value of the bit 1s set to O, the
GWUS associated with the corresponding UE group com-
bination corresponding to the bit 1s not contained in the
GWUS list, that 1s, the GWUS associated with the UE group
combination 1s not configured. For example, 11 the number
of UE groups 1s four groups G1 to G4, then each group has
15 combinations at most, 1.e., G1, G2, G3, G4, G1+G2,
G1+G3, G1+G4, G2+G3, G2+G4, G3+G4, G1+G2+G3,
G1+G2+G4, G1+G3+G4, G2+G3+G4, and G1+G2+G3+
(4. In this case, the length of the bitmap 1s 15, and each bit
corresponds to one of the above 15 combinations. For
example, bit 1 corresponds to G1, bit 2 corresponds to G2,
bit 3 corresponds to G3, bit 4 corresponds to G4, and bit 5
corresponds to G1+G2, and so on, and bit 15 corresponds to
G1+G2+G3+G4. The one-to-one correspondences between
the arrangement order of the bits of the bitmap and the
various combinations of UE groups need to be specified in
advance or configured in signaling (for example, when the
number of groups 1s one, the GWUS list contains only a
configuration of one GWUSI1; when the number of groups 1s
two, bit 1 to bit 3 1n an order 1n which each bit 1n the bitmap
corresponds to the group combination sequentially corre-
spond to group combinations G1, G2, and G1+G2; when the
number of groups 1s three, bit 1 to bit 7 1n an order 1n which
cach bit in the bitmap corresponds to the group combination
sequentially correspond to group combinations G1, G2, G3,
G1+G2, G1+G3, G2+G3, and G1+G2+G3; when the num-
ber of groups 1s four, the correspondence 1s as described in
the previous examples, and will not be repeated herein).
However, the network side does not necessarily configure an
associated GWUS for all the 15 combinations. In this
example, the network side configures associated GWUSs for
11 of the 15 combinations, and the corresponding GWUS
configuration 1s included in the GWUS list in the GWUS
configuration, that 1s, the GWUS list contains 11 items
GWUSI to GWUSII1. In this case, which of the 15 combi-
nations 1s configured with an associated GWUS 1s indicated

by bit values 1n the bitmap. If the value of the bitmap 1s
111111111100001, 1t means that GWUSs corresponding to

11 combinations, G1, G2, G3, G4, G1+G2, G1+G3, G1+G4,
G2+G3, G2+G4, G3+G4, and G1+G2+G3+G4, are conlig-
ured, while the four combinations of G14+G2+G3, G1+G2+
G4, G1+G3+G4, and G2+G3+G4 are not configured with
GWUSs. The number of items with the bit set to 1 1n the
bitmap 1s consistent with the number of GWUS 1tems 1n the
GWUS list, and the order of the items with the bit set to 1
in the bitmap 1s consistent with the order of the GWUS 1tems
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in the GWUS list, that 1s, the first low bit (or high or leftmost
or rightmost bit) with a value of 1 1n the bitmap corresponds
to the first item 1n the GWUS list, and the second low bit (or
high or leftmost or rightmost bit) with a value of 1 in the
bitmap corresponds to the second item 1 the GWUS list,
and so on. In the above manner, the configured correspon-
dence relationship between the plurality of GWUSs and
combinations of UE groups can be learned from the bitmap
and the correspondence relationship between the bitmap and
the combinations of UE groups. In the above example,
GWUS]1 to GWUSI1 sequentially correspond to the 11
combinations of G1, G2, G3, G4, G1+G2, G1+G3, G1+G4,
G2+G3, G2+G4, G3+G4, and G1+G2+G3+G4, respectively.

In another implementation, 1n addition to the information
about the GWUS column and/or the number of UE groups
contained in the GWUS configuration, each GWUS contains
one piece of group (combination) information, and the group
(combination) information 1s used to indicate an association
relationship between the GWUS and a UE group or a
combination of UE groups corresponding to the GWUS. The
association relationship between a plurality of GWUSs and
a plurality of UE groups or combinations of UE groups 1s
configured in such a way of displaying. In the above
example, the GWUS configuration list in the GWUS con-
figuration information contaimns 11 GWUS 1items, corre-
sponding to 11 GWUSs, namely GWUS] to GWUSI11. A

configuration of each GWUS contains associated group
(combination) information thereof. For example, group
(combination) information contained in configuration infor-
mation of GWUSI 1s indicated as G1, group (combination)
information contained i1n configuration information of
GWUS2 1s mdicated as G2, group (combination) informa-
tion contained in configuration mformation of GWUS3 1s
indicated as G3, group (combination) information contained
in the configuration mformation of GWUS4 1s indicated as
(G4, group (combination) information contained 1n configu-
ration information of GWUSS 1s indicated as G1+G2, and so
on. In one implementation, the group (combination) infor-
mation 1s a bitmap, the length of the bitmap 1s the length of
the number of groups, and the order of bits of the bitmap

from low to high (or from high to low or from left to right
or from right to left) 1s consistent with the order of group
numbers of UE group combinations from small to large (or
from large to small). For example, for GWUSS5 (1.e., the fifth
item 1n the GWUS list), the group (combination) informa-
tion thereof 1s indicated as 1100; for GWUSG6 (1.¢., the sixth
item 1n the GWUS list), the group (combination) informa-
tion thereof 1s indicated as 1010.

After learning the correspondence relationship or asso-
ciation relationship between each GWUS and UE group
combination in the GWUS list, the UE monitors a GWUS
associated with or corresponding to a group based on 1ts own
group, and does not need to monitor GWUSs unassociated
with the group of the UE, so as to reduce the power of the
UE. Still 1n the above example, the number of UE groups 1s
four, and the UE determines its group as group 2 or G2
through information such as a UE identifier and a formula.
When the GWUSI1 to GWUSI11 corresponding to the 11
combinations of G1, G2, G3, G4, G1+G2, G1+G3, G1+G4,
G2+G3, G2+G4, G3+G4, G1+G2+G3+G4 are configured on
the network side, the UE monitors the GWUS, 1.e.,
GWUS2\GWUSS\GWUSS\GWUSOHNGWUSII, corre-
sponding to 1ts own group 2, 1.e., G2, without monitoring or
without the need to monitor
GWUSI\GWUS3\GWUS4GWUSONGWUS7A\GWUSI1O0.
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In yet another implementation, the GWUS associated
with the UE 1s configured through dedicated signaling, that
1s, the UE needs to monitor all GWUSs configured through
dedicated signaling.

In yet another implementation, the GWUS associated
with the UE 1s configured through dedicated signaling. In
this way, the network side 1ssues, through system informa-

tion, all GWUSs used by the cell, 1.e., included 1n a GWUS
list. The GWUSs configured through the dedicated signaling
of the UE contain a bitmap, and the length of the bitmap is
consistent with the number of GWUSs (or the number of
items 1in the GWUS list). Each bit 1n the bitmap corresponds
to one GWUS. If the corresponding bit in the bitmap 1s set
to 1, the UE monitors the GWUS corresponding to the bait.
I1 the corresponding bit 1n the bitmap 1s set to 0, the UE does
not or does not need to monitor the GWUS corresponding to
the bit. The order of the bits 1n the bitmap 1s consistent with
the order of the corresponding GWUSs 1n the GWUS list.

In yet another implementation, the GWUS configuration
information 1ncludes the GWUS corresponding to each UE
group. The order of GWUSs 1n the GWUS configuration list
corresponds one to one to the order of the group numbers of
the UE groups from small to large (or from large to small).
I1 the number of UE groups 1s N, the first item in the GWUS
l1st Corresponds to group 1 1n the UE groups, 1.e., G1, the
second 1tem 1n the GWUS list corresponds to group 2 1n the
UE groups, 1.e., G2, and so on, and the Nth item in the
GWUS list Corresponds to group N 1n the UE groups, 1.¢.,
GN.

The configurations mentioned above can be implemented
through system information or UE-specific RRC signaling
or MAC signaling or physical layer signaling.

The methods and related devices according to the present
disclosure have been described above in conjunction with
preferred embodiments. It should be understood by those
skilled in the art that the methods shown above are only
exemplary, and the above-described embodiments can be
combined with one another as long as no contradiction arises
The method of the present mvention 1s not limited to steps
or sequences illustrated above. The user equipment shown
above may include more modules, for example, may also
include modules that can be developed or developed 1n the
future and can be used for base stations, MMFEs, or UE, and
so on. Various identifiers shown above are only exemplary,
not for limitation, and the present disclosure 1s not limited to
specific information elements serving as examples of these
identifiers. Those skilled in the art can make various altera-
tions and modifications according to the teachings of the
illustrated embodiments.

It should be understood that the above embodiments of
the present disclosure may be implemented through soft-
ware, hardware, or a combination of software and hardware.
For example, various components of the base station and
user equipment in the above embodiments can be 1mple-
mented by multiple devices, and these devices include, but
are not limited to: an analog circuit device, a digital circuit
device, a digital signal processing (DSP) circuit, a program-
mable processor, an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), and a
complex programmable logic device (CPLD), and the like.

In the present application, the term “base station” may
refer to a mobile communication data and control switching,
center with large transmit power and a wide coverage area,
and has functions of resource distribution scheduling, data
receiving and transmitting, and the like. The term “user
equipment” refers to a user mobile terminal, for example, a
terminal device capable of performing wireless communi-
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cation with a base station or a micro base station, including
a mobile phone, a notebook computer and the like.

The program running on the device according to the
present disclosure may be a program that enables a computer
to 1implement the functions of the embodiments of the
present disclosure by controlling a central processing unit
(CPU). The program or mformation processed by the pro-
gram can be stored temporarily 1n a volatile memory (e.g.,
Random Access Memory (RAM)), a Hard Disk Drive

(HDD), a non-volatile memory (e.g., flash memory), or
other memory systems.

The program for implementing the functions of the
embodiments of the present disclosure may be recorded on
a computer-readable recording medium. The corresponding
functions can be achieved by reading programs recorded on
the recording medium and executing these programs by the
computer system. The phrase “computer system” herein
may be a computer system embedded 1n the device, which
may include operating systems or hardware (e.g., peripher-
als). The phrase “computer-readable recording medium”™
may refer to a semiconductor recording medium, an optical
recording medium, a magnetic recording medium, a record-
ing medium for programs that are dynamically stored for a
short time, or any other recording medium readable by a
computer.

Various features or functional modules of the device used
in the foregoing embodiments may be implemented or
executed by circuits (e.g., monolithic or multi-chip 1nte-
grated circuits). Circuits designed to execute the functions
described in this description may include general-purpose
processors, Digital Signal Processors (DSPs), Application
Specific Integrated Circuits (ASICs), Field Programmable
Gate Arrays (FPGAs) or other programmable logic devices,
discrete gates or transistor logic, or discrete hardware com-
ponents, or any combination of the above. The general-
pUrpose processor may be a microprocessor, or may be any
existing processor, a controller, a microcontroller, or a state
machine. The circuit may be a digital circuit or an analog
circuit. When new integrated circuit technologies that
replace existing integrated circuits emerge because of the
advances 1n semiconductor technology, one or a plurality of
embodiments of the present disclosure may also be 1mple-
mented using these new integrated circuit technologies.

Furthermore, the present disclosure i1s not limited to the
embodiments described above. Although various examples
of the described embodiments have been described, the
present disclosure 1s not limited thereto. Fixed or non-
mobile electronic devices mounted indoors or outdoors,

such as AV equipment, kitchen equipment, cleaning equip-
ment, air conditioner, oflice equipment, vending machines,
and other household appliances, may be used as terminal
devices or communications devices.

The embodiments of the present disclosure have been
described 1n detail above with reference to the accompany-
ing drawings. However, the specific structures are not lim-
ited to the above embodiments. The present disclosure also
includes any design modifications that do not depart from
the substance of the present disclosure. In addition, various
modifications may be made to the present disclosure within
the scope of the claims. Embodiments resulted from the
appropriate combinations of the technical means disclosed
in different embodiments are also included within the tech-
nical scope of the present disclosure. In addition, compo-
nents with the same eflect described 1n the above embodi-

ments may be replaced with one another.
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The 1nvention claimed 1s:

1. A User Equipment (UE) comprising:

one or more processors; and

at least one memory, wherein the at least one memory
stores 1nstructions that, when executed by the one or
more processors, cause the one or more processors 1o:

cause a Radio Resource Control (RRC) layer to deter-
mine, using a pre-configured uplink resource, to trans-
mit uplink data 1n an RRC 1dle state without performing
a random access procedure;

cause a Medium Access Control (MAC) layer to transmit
the uplink data to a base station using the preconfigured
uplink resource; and

cause the MAC layer to determine and indicate to the
RRC layer that the transmission of the uplink data on
the preconfigured uplink resource has failed in response
to determining that a response for the transmission of
the uplink data has not been received from the base
station during a time duration, wherein

when the UE receives an RRC connection release mes-
sage containing a configuration of the pre-configured
uplink resource, a pre-configured uplink resource valid-
ity timer 1s started, and

the RRC layer determines, using the pre-configured
uplink resource, to transmit the uplink data 1n the RRC
idle state without performing the random access pro-
cedure when (1) the pre-configured uplink resource
validity timer 1s running and (1) a reference signal
received power (RSRP) does not exceed a configured
threshold.
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2. A control method 1 a User Equipment (UE) compris-

ng:

causing a Radio Resource Control (RRC) layer to deter-
mine, using a pre-configured uplink resource, to trans-
mit uplink data in an RRC idle state without performing
a random access procedure;

causing a Medium Access Control (MAC) layer to trans-
mit the uplink data to a base station using the precon-
figured uplink resource; and

causing the MAC layer to determine and indicate to the
RRC layer that the transmission of the uplink data on
the preconfigured uplink resource has failed in response
to determining that a response for the transmission of
the uplink data has not been received from the base
station during a time duration, wherein

when the UE receives an RRC connection release mes-
sage containing a configuration of the pre-configured
uplink resource, a pre-configured uplink resource valid-
ity timer 1s started, and

the RRC layer determines, using the pre-configured
uplink resource, to transmit the uplink data 1n the RRC
idle state without performing the random access pro-
cedure when (1) the pre-configured uplink resource
validity timer 1s running and (i11) a reference signal
received power (RSRP) does not exceed a configured

threshold.
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